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Abstract:

It is estimated that approximately one month after radical prostatectomy, a surgical procedure to remove the
prostate, 80% of men experience urinary incontinence (UI). Behavioral therapy, which involves modifying the
patient’s lifestyle habits, along with physical treatments such as exercises to strengthen the pelvic muscles and
complementary behavioral therapies with techniques associated with personal beliefs, can be used to treat urinary
incontinence in this context. [UProst® is a mobile health application (mHealth) designed to promote self-care and
improve the quality of life for men who suffer from urinary incontinence due to prostate removal surgery caused by
prostate cancer. Version 2.0 of IUProst® was released with several improvements, including adding gamification
elements to encourage patient engagement in the execution of behavioral treatment exercises for urinary inconti-
nence. This article presents the [UProst® application and analyzes the data generated by its use to understand the
level of improvement that patients have experienced regarding urinary incontinence. It also examines the impact
of gamification on exercise execution. The results demonstrate the clinical improvement in patients’ involuntary
loss of urine, presenting less urine flow and reducing the feeling of urgency to go to the bathroom after using
IUProst®. A comparative analysis is also included, considering the 60 days before and after the implementation
of the gamification elements. During the 120 days considered, gamified data was collected for 60 days, and this
period accounted for 83% of all exercises performed, despite the similar number of users using the application. The
significant increase in exercise performance during the gamified period suggests that the gamification positively

supported patient engagement.
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1 Introduction

According to the National Cancer Institute (INCA), prostate
cancer is the second most incident type in all regions of
Brazil, representing 29.2% of tumors affecting the Brazilian
male population, with an estimated 72 thousand new cases
in Brazil in the triennium 2022-2025, second only to non-
melanoma skin cancer (INCA [2022]).

For cases of localized and potentially curable prostate can-
cer, one of the possible treatments is the removal of the en-
tire prostate gland and seminal vesicles, known as radical
prostatectomy (RP) (Mungovan et al. [2021]; Azevedo et al.
[2021]; Izidoro and Soares [2021]). The treatment choice
is made through dialogue between the medical team and the
patient, considering the benefits and possible complications.
RP is the preferred treatment in cases where the disease is not
in advanced stages (Estevam [2022]). Despite its benefits,
the removal surgery can lead to complications, with urinary
incontinence (UI) and involuntary urine loss being the most
common, estimated to affect 80% of men in the first 30 days
after surgery (Abrams et al. [2017]).

Urinary incontinence can significantly affect an individ-
ual’s quality of life, as it is associated with the risk of de-

pression, anxiety, sexual limitations, low self-esteem, fear,
and shame (Bernardes et al. [2019]). Possible treatments in-
clude surgical procedures, pharmacological approaches, and
behavioral therapies. The International Continence Society
(ICS) recommends adopting behavioral change strategies,
pelvic floor training, and complementary therapies (Abrams
etal. [2017]).

This article is part of a research project conducted by the
Nursing School of the Universidade Federal de Minas Gerais
(UFMGQ) in collaboration with the Health Informatics Labo-
ratory of the Institute of Informatics at the Universidade Fed-
eral de Goias (UFQ). The research project, in its initial phase,
originated from two doctoral theses (Azevedo et al. [2021];
Izidoro and Soares [2021]), which led to the development
of a booklet as a cognitive-behavioral program for treating
urinary incontinence in prostate cancer patients undergoing
radical prostatectomy. Subsequently, along with the research
of Estevam [2022], the IUProst®!, a mHealth application
based on the cognitive-behavioral program, was developed
to promote self-care and improve the quality of life for men
suffering from urinary incontinence due to prostate removal
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surgery caused by prostate cancer.

With the use of IUProst® on Android-based smartphones,
patients can perform sequences of exercises to strengthen
pelvic muscles, aiming for the recovery of urinary control,
and gain literacy about the disease and healthy habits (Anjos
et al.[2022]; Oliveira et al. [2022]). Version 1.0 of [UProst®
was released in October 2022, emphasizing exercise execu-
tion and assisting patients in better understanding the dis-
ease they are facing. In July 2023, version 2.0 of I[UProst®
was released, incorporating several improvements, including
adding game elements to encourage patient engagement in
executing behavioral treatment exercises for urinary inconti-
nence.

Gamification is defined as the application of game ele-
ments in non-game contexts to keep the user motivated in
performing activities within a gamified software (Oliveira
and Carvalho [2020b]; Deterding et al. [2011]; van Gaalen
et al. [2021]). Gamified applications aim to stimulate users
to change their behaviors towards a specific goal, strength-
ening their intrinsic motivation and directing them to achieve
it (Yousefi and Mirkhezri [2020]; Bucchiarone et al. [2019]).

This article aims to present the [UProst® application and
analyze the data generated by its use to understand the level
of improvement that patients have experienced regarding uri-
nary incontinence. Additionally, it analyzes the impact of
gamification on patient engagement in exercise execution,
comparing data generated during the period when the appli-
cation did not have game elements with data collected af-
ter gamification with points to each exercise practice, daily
goals, and feedback on the daily and weekly progress of ex-
ercise execution.

The article is an extended and revised version of a pa-
per published at the XXII Brazilian Symposium on Games
and Digital Entertainment (SBGames) (Anjos et al. [2023]).
Among the main extensions is the comparative analysis of
data generated by versions 1.0 and 2.0 of IUProst®, an anal-
ysis of patient improvement after a treatment period, a de-
scription of the characteristics of the analyzed users, as well
as a demonstration of the difference in engagement between
the use of the gamified application instead of non-gamified
version. Data generated by the application for August 2023
was also added to equalize 60 days of exercise execution us-
ing the non-gamified version and 60 days of data collection
of exercise completion during the period with gamification
elements in place.

In addition to this introduction, the article is organized into
four sections. Section 2 provides background information
on concepts related to treating male urinary incontinence,
mHealth, self-care, and gamification. Section 3 describes
the application, its versions, the implementation of exercises
with game elements, and the application’s scoring system.
Section 4 presents the results regarding using versions 1.0
and 2.0 of the application. Finally, Section 5 covers the con-
clusions and future work.

2 Background

This section presents the behavioral treatment that formed
the basis for IUProst®’s treatment and introduces the con-
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cepts of self-care, mHealth, and gamification.

2.1 The Treatment for Male Urinary Inconti-
nence

Within a month of undergoing radical prostatectomy (RP)
surgery, approximately 80% of men experience urinary in-
continence (UI) (Abrams et al. [2017]). Even after ninety
days post-surgery, men who do not receive a therapeutic op-
tion may still experience moderate or severe Ul. Up to six
months post-surgery, approximately 57% of men may exhibit
involuntary urine loss (Izidoro et al. [2022]).

One way to address urinary incontinence in this context is
through behavioral therapy, involving lifestyle changes for
the patient, along with physical therapies such as pelvic mus-
cle strengthening exercises and complementary behavioral
therapies with techniques associated with personal beliefs.
Once proven effective, this type of therapy has been em-
ployed in treating various diseases (Abrams et al. [2017]).

This treatment involves collecting information about the
patient’s daily life, including physical exercises like blad-
der training for muscle strengthening (Estevam [2022]). The
exercises for the proposed treatment are defined as a pro-
gram of voluntary contractions of the pelvic floor guided by
healthcare professionals, aiming to maintain muscle strength
to support pelvic organs and, consequently, improve bladder
function, coordination, pressure, and urethral closure (Fraw-
ley et al. [2017]).

The booklet titled “Guidelines Manual on Urinary Incon-
tinence Post-Radical Prostatectomy” was produced from the
doctoral thesis titled “Effectiveness of Pelvic Muscle Train-
ing Associated with Auricular Acupuncture in Controlling
Urinary Incontinence post-Radical Prostatectomy: Random-
ized Clinical Trial” by Azevedo et al. [2021]. The purpose
of the booklet is to assist the patient in understanding more
about the disease they are facing.

During the first three days of treatment, it is recommended
that the patient fill out some forms of the so-called “bladder
diary” daily. This diary includes information such as types
and quantities of liquids ingested, estimated urine volume,
whether urine loss or leakage occurred during the day, and
the registration of pad, liner, or diaper changes. These forms
are necessary to understand the patient’s routine, as the treat-
ment requires behavioral changes, including lifestyle modi-
fications (Estevam [2022]; Azevedo et al. [2021]).

Continuous tracking of fluid intake, especially during the
initial stages of treatment, is essential, as many patients re-
frain from consuming liquids, believing that it contributes to
increased urination (Abrams et al. [2017]). Specifying the
type of fluid ingested is necessary since studies indicate that
fluids containing caffeine, alcoholic beverages, and diuretics
can interfere with bladder muscle behavior.

The booklet covers various topics to assist the patient in
changing habits and better understanding their health condi-
tions. These topics include what radical prostatectomy is, po-
tential post-prostate removal surgery outcomes, what Ul is,
why surgery may cause Ul, how long UI may persist, how to
treat U, what to avoid, what to do, exercises for pelvic mus-
cles, and essential tips such as control measures for urgency
and dribbling UI (Estevam [2022]; Azevedo et al. [2021]).



Analyzing the impact of gamification on a mHealth application for treating urinary incontinence in prostate cancer patients

This information is provided as printed content, illustrations,
and a guide for exercise execution.

The pelvic floor strengthening exercises proposed by the
treatment are divided into eight stages, each lasting one week
(Estevam [2022]; Hall ef al. [2018]). Patients are instructed
to maintain a routine and perform the exercises three times
daily: in the morning, afternoon, and evening.

For each exercise session, 25 pelvic muscle contractions
are performed, divided into two exercises. For example, Ex-
ercise 1: “Quickly contract and relax the pelvic muscles 15
times in a row”; Exercise 2: “Contract the pelvic muscles
strongly 10 times, holding the contraction for 5 seconds and
relaxing for 10 seconds”. This division allows for breaks
during the execution of the 25 contractions and variation in
the duration of contraction and muscle relaxation.

As per the booklet’s recommendations, it is suggested that
the patient perform a maximum of 300 contractions per day
(a number indicated in the literature to prevent muscle fa-
tigue). Therefore, the sessions are divided into three sets of
100 contractions daily, totaling 300. To allow the patient
to take breaks during the execution of the 100 contractions,
the session is divided into four sets of 25 contractions each.
The patient is recommended to perform 4 consecutive sets
in a practice session in the morning, four sets during the af-
ternoon practice, and four sets during the evening practice,
totaling 100 contractions in each period and 300 contractions
overall per day. Since muscular profiles vary from patient to
patient, a minimum interval of at least 3 hours between each
practice is defined to prevent muscle fatigue.

Each stage of the treatment is designed to increase the
level of difficulty and complexity for exercise execution as
the patient progresses weekly: in the first and second weeks,
pelvic exercises are performed lying down; during the third
and fourth weeks, exercises are done sitting; in the fifth and
sixth weeks, exercises are performed standing, still, with legs
slightly apart; finally, in the seventh and eighth weeks, exer-
cises are done while walking.

2.2 Self-Care and mHealth

Self-care, or the care of oneself, is determined by the set of
actions that an individual applies for self-care, acting indi-
vidually to maintain health, cope with existing diseases, and
also prevent illnesses (Rezende ef al. [2021]; Bowman et al.
[2004]; Dias et al. [2018]). This practice includes personal
care regarding hygiene, nutrition, lifestyle, and environmen-
tal and socioeconomic factors (Rocha et al. [2016]). Knowl-
edge about the needs of one’s own body is necessary so that
the patient can know how to act appropriately when faced
with events that illnesses or bad habits may cause (Silva et al.
[2009]).

In the research conducted by Bochicchio et al. [2019], the
authors compared a group of patients who used a reminder
app to assist them in their daily medication intake with a
group that continued their medication routine through con-
ventional means. The research concluded that patients who
used medication reminder apps demonstrated better medi-
cation adherence than those who continued with their usual
care.

As defined by the World Health Organization [2015]
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(WHO), Mobile Health (mHealth) is the medical practice
supported by mobile devices, such as patient monitoring de-
vices, smartphones, tablets, and other devices, including the
use of wireless communication services and Global Position-
ing System (GPS). The term mHealth was first defined in the
scientific literature in 2000 in the research Laxminarayan and
Istepanian [2000] as “wireless e-med”.

Despite the importance of mHealth applications in con-
tributing to self-care, healthcare providers are hesitant to
prescribe the use of apps that lack evidence of their bene-
fits, reliability for ensuring information security, and guid-
ance on their use in clinical practices (Aitken and Gauntlett
[2013]). mHealth applications must undergo rigorous clini-
cal and technical testing before fully integrating into clinical
care Bochicchio et al. [2019].

2.3 Gamification

The term gamification is defined as the use of game dy-
namics and mechanics to engage people, solve problems,
and enhance learning by motivating actions and behaviors in
non-game contexts (Duggal et al. [2021]; van Gaalen et al.
[2021]; Deterding et al. [2011]). Fullerton [2014] asserts
that games have specific characteristics and are structured
by players, objectives, procedures, rules, resources, conflict,
limits, and outcomes. The difference between games and
gamification is that gamification focuses on using game ele-
ments to engage the user and does not follow the structured
rules that define a game.

The literature has no consensus on the correct term for
gamification. As noted by van Gaalen ef al. [2021], con-
fusion about which term to use may have arisen due to the
rapid growth of information and the proliferation of vari-
ous types of game-based learning (e.g., serious games, sim-
ulations, gamification). Different authors have used various
terms for the same concept or the same terms for other con-
cepts.

One of the effects of games sought through the gamifi-
cation of computer systems is the playful aspect that allows
high immersion of the player in the game. Huizinga [2014]
defines this immersion as a magical circle where the player
departs from the “real” world, described by him as an ex-
ceptional character illustrated by an air of mystery in which
the player often engages, causing the laws and customs of
everyday life to lose their validity.

Psychology describes the psychoemotional state of an en-
gaged player with the game as a state of flow. According to
Chen [2007] and Chou et al. [2014], this state is defined by
aspects such as a sense of control, a challenging activity re-
quiring skills, clear goals, and the fusion of action and aware-
ness. These characteristics allow the player to deliver sig-
nificant personal meaning and a unique experience, conse-
quently promoting engagement in specific actions (Oliveira
and Carvalho [2020a]).

For the gamification process of software, precise knowl-
edge of the problem and user needs is a critical factor in
achieving effective gamification applicability. Stimulating
users to make behavior changes towards a specific goal is the
primary approach of gamification, reinforcing user motiva-
tion to accomplish the primary goal of the software (Yousefi
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and Mirkhezri [2020]; Koivisto and Hamari [2019]).

In their research, Duggal et al. [2021] and Algahtani ef al.
[2021], among other researchers, point out that as gamifi-
cation features are applied to software, negative impacts on
its usability may emerge, diverting the user’s attention from
the application’s main objective and compromising engage-
ment (Li ef al. [2016]). This occurs because many software
companies apply the same gamification elements, such as
points systems, levels, leaderboards, and challenges, to var-
ious software types, overlooking the domain’s specificities
and each individual. Conversely, gamification that can adapt
to users’ specificities has been studied by researchers aiming
to maintain user engagement with the software’s core fea-
tures (Oliveira and Carvalho [2020a]; Tondello et al. [2017]).

3 IUProst® Application: Overview

The development of IUProst® was submitted to and ap-
proved by the Research Ethics Committee of the Univer-
sidade Federal de Minas Gerais (COEP-UFMG) — CAAE:
41736921.5.0000.5149.

The software encompasses the following general objec-
tives: enable the patient to undergo treatment independently,
without the need for supervision by a healthcare professional,
as the application is publicly available; instruct the patient in
the correct execution of exercises; engage the patient in self-
care; enhance the user’s health literacy through reliable and
necessary information about prostate cancer; measure the pa-
tient’s progress concerning their treatment; and measure the
patient’s progress concerning urinary incontinence.

Consistent exercise execution is crucial for the patient’s
progress with the treatment. Thus, the exercise execution
screen was designed with gamified elements, using a timer,
vibrations, and voice as interaction feedback, providing vi-
sual and sensory stimuli. This allows the patient to know
the exact moment to contract and relax their muscles and the
duration of each situation.
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Figure 1. Main screens of [UProst® (in Portuguese).

3.1 IUProst® Versions

[UProst® was launched in October 2022 on the Play Store
in version 1.0. The initial version of the application included
features such as user progress feedback on their treatment
and setting daily goals for fluid intake. Additionally, an al-
gorithm was implemented to record the maximum number of
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consecutive days a patient performed exercises without fail-
ure.

Version 2.0 of IUProst® was released in July 2023, fea-
turing an exercise execution interface similar to the previous
version but adding gamified elements, alert messages for rest
periods, and messages about treatment, habit changes, infor-
mation about prostate cancer, and RP surgery. These mes-
sages were strategically added to the application as it was no-
ticed that patients rarely navigate to the informative screens
of “My Treatment” in version 1.0.

The main distinction between version 1.0 and version 2.0
of the application lies in how treatment progress is measured.
In version 1.0, the patient’s progress was assessed based on
the number of exercises performed, which posed a problem
since the patient could complete all treatment exercises in a
few days. Ideally, the patient should perform at least the min-
imum number of exercises over eight weeks. In version 2.0,
progress is evaluated based on the days the patient performs
at least three exercises. This way, the patient completes the
treatment by performing the minimum number of exercises
daily for 56 days (8 weeks). Days when the patient performs
exercises less than three times will not be counted towards
the treatment progress.

3.2 Exercise Execution

ean

Etapa 1 - Deitado X

[scee |
_ Etapa 1 - Deitado x

Etapa 1 - Deitado

Exercicio 1 - Primeira etapa
R sl

h .
CONTRA\R

Deite de costas com os joehos
0/15 dobados s pésconforavements

Exercicio 1 - Primeira etapa
o

Sequéncia concluida

Figure 2. Exercise execution screens (in Portuguese).

Upon starting the exercise, the patient hears a voice in-
structing them to contract the muscles, accompanied by a
double vibration from the device. Muscle contraction should
be maintained for the duration (in seconds) specified by the
exercise, and this time is displayed in the form of a timer
circle on the application screen, which fills up during the se-
lected seconds, as shown in Figure 2, further left.

Once the contraction time is up, the timer circle resets,
and, with a single vibration, an audible alert saying “relax”
is emitted, starting the countdown to maintain muscle relax-
ation for the time determined by the exercise. This repeats
for all contractions/relaxations until the specified number of
contractions is completed.

Upon completing the two exercises, a screen indicates that
the execution is complete, prompting the patient to click a
button to finish and save. Only exercises where the patient
clicks the finish button are saved and counted, thus ensur-
ing execution. The patient is then directed to the subsequent
exercise execution to perform another 25 contractions until



Analyzing the impact of gamification on a mHealth application for treating urinary incontinence in prostate cancer patients

completing the 100 contractions of one of the daily work-
outs. If they have reached the 100 contractions for the work-
out, due to the guidance to wait 3 hours before performing the
following exercises, the patient is directed to the “My Week”
screen, where their progress is displayed in graphs and cards.

3.3 Scoring System

Game elements have been incorporated throughout the ap-
plication to increase the patient’s motivation to perform the
exercises. These elements include achievements, a sense of
progress, goals, challenges, scoring, and performance. They
were created based on the information generated by the ex-
ercise practice, and they evaluate the number of executions,
rest time between daily workouts, the consecutive days with-
out failures in exercise execution, and the patient’s progress
in the treatment stages.

The daily score is distributed among the daily goals for
exercise practice, as mentioned in Section 2.1. The patient
also earns points for completing seven consecutive days of a
treatment stage without failures. The points are configured
as follows:

* First daily goal: perform 100 contractions from the first
set of exercises (+ 25 points);

+ Second daily goal: perform the second set of exercises,
completing 100 contractions (+ 25 points);

* Third daily goal: perform the third set of exercises,
completing 100 contractions (+ 25 points);

» Award for completing all sets of exercises in a day (+
25 points);

* Bonus for completing exercises for seven consecutive
days in the treatment stage (+ 300 points).

The maximum score for each stage is calculated by multi-
plying 100 points by the number of days in the stage (seven
days) and adding 300 points if the patient completes all days
without fail. The patient can also lose points in the following
situations:

+ Performing exercises after reaching 100 contractions in
one of the daily practices without waiting for the desig-
nated rest time: - 10 points for each exercise executed
under this condition;

* Failing to complete one day of your treatment: - 100
points for each missed day.

The rest time is notified to the patient through components
on the screens, using the color red for attention, as well as dis-
playing alerts when the user navigates to the exercise practice
screen, as shown in Figure 1, further left. The alerts are dis-
played to inform the user of the importance of the rest period.
Still, the user is not prevented from performing the exercises
since the number of exercises for muscle fatigue is relative
to each patient’s physical characteristics.

4 Results and Discussion

Initially designed to assist patients in the treatment of Ul with
the support of healthcare professionals, [UProst® was eval-
uated by experts in the healthcare and computing fields us-
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ing the quality models defined by the International Organi-
zation for Standardization. The research Estevam [2022] of
the TUProst® research group conducted an evaluation of the
software with health and computing experts. A sample of
sixteen experts was considered for the product quality anal-
ysis phase, eight with experience in the UI area and eight in
the software development area.

The quality analysis of the mHealth application followed
the determinations of the product quality model estab-
lished by the International Organization for Standardization
(ISO/IEC 25010 — System and Software Engineering IEC
[2014]). This model evaluates eight quality characteristics:
functional suitability, performance efficiency, compatibility,
usability, reliability, security, maintainability, and portabil-
ity. Each of these characteristics encompasses specific sub-
characteristics, resulting in a total of 22 characteristics.

All the characteristics analyzed regarding product quality
showed ratings above 70%. In the analysis of the 22 subcate-
gories, two received weak agreement (accessibility and pro-
tection against user errors), while two others received mod-
erate agreement (maturity and recoverability). The quality
characteristics evaluated in [UProst® demonstrated satisfac-
tory results, reinforcing that the software has the technical
and clinical quality to meet the needs of men with urinary
incontinence after surgical treatment for prostate cancer.

Although IUProst® was proposed and evaluated for use
with the support of healthcare professionals, its design and
construction followed a methodology focused on developing
mobile health applications for self-care solutions (de Oliveira
[2018]). Therefore, upon becoming publicly available, indi-
viduals experiencing post-radical prostatectomy urinary in-
continence began using it.

This study analyzes the achieved results in an uncontrolled
environment, as the software does not limit the need for
healthcare professionals to supervise patients during behav-
ioral treatment execution.

From October 2022 to July 2023, the IUProst® applica-
tion reached over 1,000 registered users and executed over
25,000 exercises. Of the thousand registrations, 712 users
went through the stage of filling in clinical data and health
information; among these, 419 users (50.6%) reported hav-
ing undergone RP surgery, representing potential patients for
the treatment provided by [UProst®.

The significant difference recorded between the number of
registrations and the number of users who underwent surgery
is believed to be due to the public nature of the application,
as well as the extensive promotion due to the award received
from the Brazilian Society of Biomedical Engineering” and
the Blue November campaign® in 2022. In this study, only
users who underwent surgery are considered as patients.

To register for [UProst®, users must accept the Free and
Informed Consent Form (FICF), which explains the study de-
tails, treatment, and data collection. After registration, users
must complete forms with health, clinical, and urinary symp-
tom information. Only after this completion does the user
gain access to the main screens of the application (presented

2SBEB-Boston Scientific Award for Innovation in Biomedi-
cal Engineering for SUS - Year 2022 https://sbeb.org.br/
premio-sbeb-boston-scientific/

3November Blue: a worldwide awareness month for prostate cancer.
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in Figure 1).

4.1 Sample Space

The gamified version 2.0 of I[UProst® was publicly released
in early July 2023. Therefore, to understand the clinical pro-
file of patients, their engagement in exercise execution, and
their interaction with bladder diary forms, as well as to com-
pare data generated by the first version with data from the
second version of IUProst®, information was collected from
the two months preceding the release of version 2.0 of the
application. Thus, the data presented in this article for May
and June 2023 were generated by version 1.0 of [UProst®
(non-gamified), while the data for July and August 2023 cor-
respond to version 2.0 (gamified).

Only data from patients who underwent radical prostatec-
tomy (RP) and performed exercises during the four months
considered were selected. Based on this criterion, 53 patients
met the requirements, of which 31 patients performed exer-
cises in May, 24 in June, 32 in July, and 29 in August. July
and August were then compared to May and June, consid-
ering the possibility of variation in the number of patients
using the application each month.

4.2 Patient Characteristics

Users must complete three mandatory forms to understand
their clinical profiles upon registration. The first form, ti-
tled “Clinical Data,” asks whether the patient has under-
gone any treatment for urinary incontinence. Within the
group of 53 analyzed patients, 20 have undergone some form
of treatment for urinary incontinence. The treatment op-
tions available for selection by the patient include Acupunc-
ture/Auriculotherapy, Electrostimulation, and Pelvic Muscu-
lature Training:

* 2 patients underwent “Electrostimulation”;
* 20 patients underwent “Pelvic Musculature Training”;
* 31 patients did not undergo any treatment.

Another question asked is whether the patient has any
chronic illness or heart problem, providing three options for
choice: (1) Arterial Hypertension/Blood Pressure; (2) Heart
problems; and (3) Diabetes:

+ 31 patients do not have any disease;
* 3 patients have diseases 1 and 2;

* 2 patients have diseases 1 and 3;

* 13 patients have disease 1;

* 1 patient has disease 2;

* 3 patients have disease 3.

Finally, patients were asked if they take any medica-
tion. For this question, three options were given: (1)
Furosemide/Lasix; (2) Hydrochlorothiazide/Clorana; and (3)
Spironolactone/Aldactone:

* 46 patients do not take any of these medications;
* 2 patients take medication 1;
* 5 patients take medication 2.
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Among the mentioned data, it is essential to highlight that
31 out of 53 patients have never undergone any treatment for
urinary incontinence. In other words, for the vast majority,
[UProst® represents their first contact with treatment for this
condition.

Patients are also asked about their weight and height in
the clinical data form. With this information, it is possible to
calculate each patient’s Body Mass Index (BMI). The BMI
calculation is done as follows: BMI = weight (kg) / (height
(m) x height (m)). BMI classifications are defined as fol-
lows: below 18.5 - underweight; between 18.5 and 24.9 -
normal weight; between 25 and 29.9 - overweight (above-
desired weight); equal to or above 30 - obesity (Monteiro
et al. [2000]).

The classification of patients’ BMI is as follows:

* 16 patients have a BMI between 18.5 and 24.9 - normal
weight;

+ 27 patients have a BMI between 25 and 29.9 - over-
weight;

* 10 patients have a BMI above 30 - obesity.

Thus, 69.8% of patients are overweight or obese. Obtain-
ing information such as BMI, medications taken, and types
of liquids the patient ingests is relevant to the treatment con-
text, as obesity can affect the individual’s level of urinary
incontinence (Poletto ef al. [2018]).

A form was also administered to collect information on
each patient’s quality of life. In this form, the following ques-
tions were asked:

1. How often do you lose urine?

2. How much urine do you think you lose?

3. In general, how much does losing urine interfere with
your life? (Please choose a number between 0 — does
not interfere, and 10 — interferes a lot).

4. When do you lose urine? (Please check all alternatives
that apply to you).

The chart in Figure 3 presents each available option for the
first question and the percentage of patients who chose each
option. It can be observed that 83.4% of patients lose urine
all the time or several times a day.

The second question in the quality of life form asks the
patient how much urine they think they are losing. The ques-
tion provides four options for selection. The chart in Figure
4 presents the patients’ responses: 98% of the answers fall
into the options “a large quantity”, “a small amount”, and
“a moderate amount”. In other words, most patients lose a
significant amount of urine daily.

Figure 5 illustrates the third question, which asks the pa-
tient how much urinary incontinence interferes with their
life, using a scale from 0 to 10. In the chart, the X-axis rep-
resents the number of responses, while the Y-axis represents
the options from 0 to 10. It is observed that no patient chose
option 0, highlighting that, even moderately, urinary incon-
tinence has some negative impact on the lives of all analyzed
patients.

The fourth and final question about quality of life asks
the patient about the moments when they experience urine
loss. This question provides eight options to the patient, rep-
resenting various occasions. Among them, the possibilities
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Never
4.2%

All the time
29.2%

Once a day
4.2%

Several times a day
54.2%

Figure 3. Quality of Life - How often do you lose urine?

None
2.1%

A big quantity

31.9% A small amount

29.8%

A moderate amount
36.2%

Figure 4. Quality of Life - The amount of urine you think you lose.

0 (does not interfere) and 10 (interferes a lot)

10

1

[}
0 5 10 15 20 25
Figure 5. Quality of Life - In general, how much does losing urine interfere
with your life? Please choose a number between 0 and 10.

“all the time” and “when I am doing physical activities” were
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the most chosen by patients, accounting for 47.9% of the re-
sponses, as shown in Figure 6.

Before reaching the bathroom
10.4%

All the time
25%

When | cough or sneeze
14.6%

No obvious reason
8.3%

When I'm sleeping
4.2%

‘When | am doing physical activities
22.9%

Figure 6. Quality of Life - When do you lose urine?

The presented patient quality of life data clarifies how uri-
nary incontinence impacts each patient’s life, ensuring that
the selected patients for the IUProst® usage analysis experi-
ence urinary incontinence daily.

Figure 7 presents the responses of the 48 patients to the
Urinary Symptoms form. The form consists of 7 questions,
each with five response options, following Likert scale defi-
nitions. The questions from P1 to P7 shown in the figure are
listed below.

P1 I can’turinate for more than 2 hours.

P2 I experience urine loss before reaching the bathroom.

P3 I always use diapers due to urinary problems.

P4 When I sit or get up from bed, I experience urine loss.

P5 When I exert myself, such as coughing, lifting heavy ob-
jects, laughing, etc., I experience urine loss.

P6 After standing for a long period, I experience urine loss.

P7 When I exercise (e.g., walk), I experience urine loss.

Answers

i | I

e L |

" I |

" I .
s | L

” L L
" L .

-100% -80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

Often mEver ~ Sometimes = Almostnever m Never

Figure 7. Responses from 53 patients to the urinary incontinence level as-
sessment tool.

The responses obtained from patients who performed ex-
ercises over the four months contribute to demonstrating how
urinary incontinence negatively affects their lives, even in
simple and routine situations such as lifting objects, laugh-
ing, or exercising. In these situations, the vast majority of
patients indicated experiencing urine loss almost always or
always.
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4.3 Patient Engagement

In January 2023, an algorithm was added to the application to
record the number of consecutive days of use in the database,
referred to as “daily offensives”, only the days when the pa-
tient performed the exercises at least three times, with a min-
imum of 75 contractions of the pelvic muscles per day (25
per practice), are considered progress in the treatment. The
number of times a patient performs exercises for seven con-
secutive days is also called “weekly offensives”. The pur-
pose of this addition is to encourage engagement with the ap-
plication. The count of successive days was later displayed
to the patient on the “My Exercises” screen, aiming to show
their record for the highest number of consecutive days with-
out failures, motivating the patient to surpass their previous
mark.

From January to June 2023 (a non-gamified period since
the implementation of the offensive algorithm), the five high-
est sequences of weekly offensives were 9, 8, 8, 6, and 6,
respectively. Considering the period until August 2023, in-
cluding the first two gamified months, the five highest se-
quences of weekly offensives were 30, 26, 23, 19, and 13, in
descending order.

The daily offensives registered until June 2023 totalized
35, 31, 28, 25, and 22 consecutive days, respectively. Until
August, the five highest sequences of daily offensives were
216, 153, 82, 76, and 63 straight days. If a patient fails to per-
form the exercise on a particular day, [UProst® 2.0 restarts
their daily sequence and sets a personal goal to exceed their
highest number of consecutive days by completing the min-
imum number of exercises.

The numbers of daily and weekly offensives mentioned
show that, despite the long availability period of the offen-
sive counter in the non-gamified version (from January to
June), the number of offensives increased considerably when
adding the two gamified months.

Aiming to evaluate the impact of gamification components
on patient motivation, a quantitative analysis of exercise ex-
ecutions to contraction of the pelvic muscles was conducted
in July and August, compared to the previous months (May
and June). The parameters analyzed include the number of
exercise executions performed in May, June, July, and Au-
gust separately, the number of patients involved in exercise
activities in each of these months, and the average execution
of exercises per patient. Table 1 presents the values extracted
from the database for each of the months under analysis.

The chart presented in Figure 8 illustrates the percentage
of exercise execution for each month concerning the 120
days used in the comparison. It can be observed in Table
1 that during May, 31 patients used [UProst® and performed
1330 exercises. On the other hand, in June, despite only
24 patients using [UProst®, 3255 exercises were executed,
which is 1925 more exercises compared to May.

The variation in the number of exercises between May and
June is significant; however, there is a substantial jump in
the number of executions between June and July, represent-
ing respectively the last month of non-gamified [UProst®
and the first gamified month. August still showed a grow-
ing increase, which can be attributed to the expected delay
in installing the application update on each device. Thus, the
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MAY: 4.9 %

/ JUNE: 12.0 %

AUGUST: 47.7 %

JULY: 353 %
GAMIFIED

GAMIFIED

- NOT GAMIFIED

NOT GAMIFIED

Figure 8. Performing pelvic muscle strengthening exercises from May to
August.

practice of the exercises to contract the pelvic muscles dur-
ing gamified IUProst® use was considerably higher, reach-
ing 83%

The number of users who performed exercises each month
can be considered similar, as it varies between 24 and 32
among the four months analyzed. Thus, these data suggest
that the gamification added through scoring for the execution
of the exercises and visual feedback on the progress of their
daily and weekly goals prompted patient engagement with
exercise execution. However, since patients do not have pro-
fessional guidance to instruct them during exercise practice,
it is necessary to include tools to assess the patient’s under-
standing of how exercises should be performed, ensuring the
best possible quality in execution.

4.4 Bladder Diary

As presented in Section 2.1, the bladder diary is a fundamen-
tal part of urinary incontinence treatment. It allows a better
understanding of the patient’s fluid intake, the types of lig-
uids consumed, the routine concerning incontinence, and the
level of incontinence.

Little has been modified regarding the diary between the
non-gamified and gamified versions of [UProst®. Both ver-
sions have the daily fluid consumption goal as the only gam-
ification component.

To determine the frequency of bladder diary entries, the
same sample space of the last 120 days from the previous
section was used. Specifically, May, June, July, and August
were considered.

In May, the bladder diary recorded 172 entries, 16 of
which were made in 16 days. In June, 18 entries were made
in only 4 days, 108 entries were made in 16 days in July, and
349 entries were made in 20 days in August. Considering
all 53 patients who used IUProst® during the 120 days from
May to July, only 18 made diary entries, and only 38 days
received entries from these patients. It is important to rein-
force that the patient should make multiple entries in each of
the four diary forms during the first three days of treatment.

These details demonstrate a low patient adherence to the
routine of entering information into the diary whenever they
consume liquids, change absorbents or diapers, lose urine,
and report the volume of evacuated urine.



Analyzing the impact of gamification on a mHealth application for treating urinary incontinence in prostate cancer patients

Anjos et al. 2024

| Month | Number of patients | Exercises performed | Average per patient | Percentage |

May 31 1330 42 in 30 days 4.92%
June 24 3255 135,6 in 30 days 12%
July 32 9559 298,7 in 30 days 35.3%
August 29 12897 444,7 in 30 days 47.7%
Total 53 27041 510,2 in 120 days 100%

Table 1. Number of exercise executions every 30 days.

Entries in the bladder diary are crucial for the proposed
incontinence treatment since most patients demonstrate dif-
ficulty in controlling urine flow, as presented in Section 4.2.
Only 33 of these patients made any entries, and on most days,
there were no entries from any of the 33 patients who had
been using the diary. This information is relevant for future
project directions, as behavioral treatment combines a com-
mitment to exercise execution and lifestyle change, consider-
ing factors such as obesity, the patient’s existing conditions,
and the types of medications used.

The public and accessible nature of [lUProst and the uncon-
trolled patient environment, where a healthcare professional
does not monitor them, make it evident the need to apply
techniques to increase engagement in self-care and motivate
patients to provide information continuously in the bladder
diary. One option to address this issue is to implement gam-
ification components at strategic points in the application, as
was done for exercises, thus motivating patients to enter in-
formation into the diary.

4.5 Treatment Data

Table 2 presents seven items that compose an instrument
called the “Post-Radical Prostatectomy Urinary Incontinence
Scale (EIUPR)”, which assesses Ul considering RP as a
causal factor. According to Azevedo et al. [2021], this is
the only instrument identified in the literature to evaluate uri-
nary incontinence in patients undergoing prostatectomy. The
items indicate severity on a five-point Likert scale, where
zero corresponds to “never”, and four corresponds to “al-
ways” (Azevedo et al. [2021]; Izidoro and Soares [2021]).
The total score ranges from 0 to 28, with higher scores indi-
cating greater severity (Mata et al. [2022]).

Considering the questions described in Table 2, Figure 9
presents the responses of patients who completed the treat-
ment, i.e., performed the exercises for two months. The
questions were answered immediately after registering on the
application and, subsequently, upon reaching the equivalent
of 8 weeks of performing the exercises. IUProst® displays
the initial forms again to collect clinical data, urinary symp-
toms, and quality of life. A total of 11 (eleven) patients re-
sponded, represented by the letters A to K. Seven of them
showed a subtle improvement in the urinary incontinence
scale, as depicted in Figure 9; patients H and J experienced
a worsening of their symptoms. The responses of patient F
when filling out the initial forms were all “never”. It is be-
lieved that this may have occurred due to some application
error during the filling process.

The improvement achieved by patients A, B, C, D, G, I,
and K may be related to both the patient’s engagement with
the treatment and understanding of how to perform the exer-

30
24 %4

2121 20
20 18
12
10
0 I
J K

Initial responses [l Answers after completing 8 steps

Figure 9. Incontinence scale of patients who completed the treatment. Each
letter represents a patient.

cises, changes in lifestyle and diet habits, as well as factors
such as illnesses, obesity, sedentary lifestyle, advanced age,
and postoperative time )Izidoro ef al. [2022]; Azevedo et al.
[2021]).

In contrast to Figure 9, which shows the responses of the
urinary incontinence assessment tool for each patient, Fig-
ure 10 presents the responses at the beginning of the treat-
ment and after eight weeks (60 days) for each question. A
slight improvement in the responses to each question is evi-
dent upon comparing the two graphs, particularly in the de-
crease in extreme cases, as indicated by the dark orange color
in the graphs.

Figure 11 displays the number of times each patient prac-
ticed the exercises, where each practice corresponds to a
combination of two exercises, totaling 25 contractions per
execution.

In version 1.0 of [UProst®, if patients followed the treat-
ment as indicated, performing three sequences of 2 exercises
per day (totaling six per day), a complete treatment cycle
would be completed in 56 days.

To align with the literature (Azevedo ef al. [2021]; Izidoro
et al. [2022]; Izidoro and Soares [2021]), version 2.0 mod-
ified the method of measuring patient progress to consider
progress only on days when the patient performs the mini-
mum number of exercises (three executions per day).

Figure 12 displays the number of days each patient per-
formed exercises in blue and the arithmetic average of exer-
cises executed per day in black. The figure shows the daily
and weekly exercises practiced by each patient who com-
pleted eight weeks of treatment. None of the patients reached
the 56 consecutive days mark. Patient G came closest to this
expected mark. On the other hand, patients B, C, E, G, H, and
I completed exercises for at least seven consecutive days on
at least eight occasions.

Figure 12 shows the days each patient performed exercises
in blue and the arithmetic average of exercises executed per
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P5

P4

P3

P2

P1

-100%

P7

P6

P5

P4

P3

P2

P1

-100%

Items Severity

Never Almost Sometimes Often Ever

never

1. I can’t go more than 2 hours without uri- | 0 1 2 3 4
nating.
2. Before reaching the bathroom, I have | 0 1 2 3 4
urine leakage.
3. I always wear diapers due to urinary | 0 1 2 3 4
problems.
4. When I sit or get out of bed, I experience | 0 1 2 3 4
urine leakage.
5. When I exert effort, such as coughing, | 0 1 2 3 4
lifting heavy objects, laughing, etc., I ex-
perience urine loss.
6. After standing for a long period, I expe- | 0 1 2 3 4
rience urine loss.
7. When I exercise (e.g., walk), I experi- | 0 1 2 3 4
ence urine leakage.

Table 2. Post-radical prostatectomy urinary incontinence scale.

Inicio do tratamento

-80% -60% -40%  -20% 0% 20% 40% 60% 80% 100%

Quase nunca  m Nunca Asvezes 1 Quase sempre m Sempre

Ap6s 60 dias executando os exercicios

-80% -60% -40%  -20% 0% 20% 40% 60% 80% 100%

Quase nunca  m Nunca Asvezes 1 Quase sempre m Sempre

Figure 10. Initial and final responses of the 11 patients per question.
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Figure 11. Number of exercises executed per patient.
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Figure 12. Number of days and average execution per patient.
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Figure 13. Patient offensives in exercise execution.

Figure 13 shows the daily and weekly practices of the ex-
ercises for each patient who completed eight weeks of treat-
ment. None of the patients reached the 56 consecutive days
mark. Patient G came closest to this expected mark. On the
other hand, patients B, C, E, G, H, and I completed exercises
for at least seven consecutive days on at least eight occasions.

The data shown in the figures of this subsection indicate
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that patients performed exercises on a considerable number
of days. This pattern occurred because the treatment com-
pletion form was applied only after the release of version
2.0 of the application. The ideal scenario for comparing and
understanding the patient’s progress regarding incontinence
would be to analyze the progress of patients who completed
the treatment by performing exercises with minimal failures
over the eight weeks.

5 Conclusion

The IUProst® application has demonstrated its relevance as
a tool for behavioral treatment, reaching over a thousand
downloads and benefiting hundreds of individuals affected
by urinary incontinence. The data generated from the appli-
cation’s daily use cover the period from November 2022 to
August 2023 and provide valuable insights into understand-
ing each user’s progress in treatment, the software’s perfor-
mance in achieving its purpose, and potential correlations
between usability, usage frequency, and each patient’s im-
provement.

Based on the data analysis, it can be concluded that the
availability of the gamified version of [UProst® in the last
two months led to a significant increase in patients’ daily
exercise frequency. However, upon examining the number
of exercise practices by these patients and their progress in
controlling urinary incontinence, it is apparent that although
many patients completed the eight weeks of treatment, the
improvement in incontinence was only subtle.

The literature emphasizes the quantity and the quality
of exercise execution (Fitts and Posner [1967]; Hodges
et al. [2020]; Overgérd et al. [2008]; 1zidoro et al. [2022];
Azevedo et al. [2021]). Ensuring that patients perform
exercises correctly represents a significant challenge for a
mHealth application-based treatment, as these patients lack
the guidance of healthcare professionals to instruct them in
exercise execution.

Some of the data analyzed in this article were generated by
patients who have been doing the treatment exercises since
the application was publicly available, i.e., since November
2022. For this reason, some patients have already performed
exercises for a period exceeding the required treatment time.
For a more accurate analysis of patient progress regarding
incontinence, collecting data from patients who have com-
pleted the treatment as close as possible to 60 consecutive
days and performing at least the minimum amount of exer-
cises correctly will be necessary.

All of this data indicates areas where improvements can
be made to IUProst®. These include (i) gathering informa-
tion about the patient’s comprehension of exercise practices,
(i1) determining if the patient is experiencing any difficulties
related to exercise execution, (iii) encouraging the patient to
use the bladder diary to gain a better understanding of their
incontinence routine; and (iv) consistently providing the pa-
tient with information about treatment and lifestyle changes.

In the future, comparing patients who receive support and
guidance from healthcare professionals and those who un-
dergo independent treatment could provide direct answers
about the effectiveness of computational techniques applied
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to [UProst®. The aim is to guide the patient towards treat-
ment success.

Adapting behavioral treatment for urinary incontinence to
the mHealth application format requires understanding and
correlating application usage data with patient progress in
treatment. Future research related to [UProst® should focus
on these essential steps.

Despite the application’s public nature, its source code is
not publicly available; thus, only members of the develop-
ment research group can access and use it. The collected
data, being sensitive information, are treated with the utmost
confidentiality and in compliance with the Brazilian General
Data Protection Law (LGPD).
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